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Abstract
The iMPaCT project team has developed three modules of activities that use programming on
TI-83/84 calculators as a means to engage students to explore foundational concepts in Algebra I. The
developers conducted a 3-day summer Professional Development Program (PDP) for teachers to become
familiar with the objectives, pedagogy, assessments, and resources of the three modules of iMPaCT
activities. I have collected and analyzed various forms of data such as videotapes of workshop sessions,
teachers’ written work and a pre-post assessment. The purpose of this study is to provide the program
coordinators with information about the PDP for planning of future PDPs. In addition, findings from this
study about teachers’ knowledge of mathematics and computing and opinions about iMPaCT activities
will be useful for improving the workshop to address the needs of the teachers.
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Chapter 1: Introduction to the Study
Algebra I is an important course that is a foundation for higher level mathematics and science
courses. According to the 2009 High School Longitudinal Study (Ingels, Dalton, Holder, Lauff, &
Burns, 2009), although many students are able to demonstrate proficiency in lower level algebra skills
such as algebraic expressions (84%), they have more difficulties in multiplicative and proportional
reasoning (59%) and algebraic equivalents (42%), systems of equations (18%) and linear functions
(9%). Foster (2007) states that students must be given an opportunity to apply meaning to symbols if
they are going to develop a rational understanding of Algebra. Foster cites Hiebert saying that
“Knowing mathematics - really knowing it - means understanding it. When we memorize rules for
moving symbols around on paper we may be learning something, but we are not learning mathematics”
(p. 164-165).
Although algebra is difficult because of its abstract nature, programming can aid students by
giving meaning to algebraic symbols rather than have them focus on the evaluation of expressions (Tall,
1992). iMPaCT-Math, which stands for Media-Propelled Computational Thinking, is a project that aims
to engage students in exploring algebra concepts through the use of programming on the TI-83/84
calculators (Kranz et al., 2012).
iMPaCT-Math was designed to introduce foundational algebraic concepts like graphical
representations, algebraic expressions, and linear functions. It consists of three modules:


Module 1 focuses on coordinate systems. This module was motivated by students’ confusion
between x- and y- coordinates. It aims to reinforce students’ understanding of x-y coordinates
which is essential for working with graphical representations of functions.



Module 2 focuses on variables and expressions. The use of variables in computer science is
slightly different from that in algebra. However introducing variables to students as value-
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holders (i.e., argument) in programming can help students understand various conceptualizations
of variables (Usiskin, 1988).


Module 3 focuses on rate of change in linear functions. Students have a weak understanding of
the co-varying relationship between y and x (Carlson, 1998). This is possibly because students
are introduced to rate of change through the slope formula with little focus on its meaning
(Teuscher & Reys, 2010).

Teachers who have implemented or have shown interest in implementing iMPaCT activities
expressed a need for a formal training session on the implementation of these activities. The iMPaCT
project team conducted a 3-day summer Professional Development Program (PDP) for teachers to
become familiar with the objectives, pedagogy, assessments, and resources of the three modules of
iMPaCT activities. During the PDP, teachers experienced some of the key lessons as learners. For each
lesson, they discussed the underlying mathematics, implementation issues (address misconceptions,
anticipate student responses, etc.), and other challenges. Teachers also discussed how they would
incorporate iMPaCT activities into their Algebra I curriculum.
1.1

Research Goals
This iMPaCT-Math project involves a cyclic process of planning, implementation, and

evaluation. After each cycle the program coordinators can refine the PDP to increase teachers’
effectiveness in implementing the iMPaCT activities to foster mathematical thinking and conceptual
understanding. Improving teachers’ ability to implement iMPaCT activities into their lesson plans will
minimize the risk of intended conceptual goals being lost or distorted.
The purpose of this study is to provide the program coordinators with information about the PDP
for planning of future PDPs. In addition, findings from this study about teachers’ knowledge of
mathematics and computing and opinions about iMPaCT activities will be useful for improving the
workshop to address the needs of the teachers.
2

1.1.1

Research Questions

RQ1. How did teachers respond to the activities during the PDP, and why? How can the PDP be
enhanced to ensure effective implementation of iMPaCT Learning Modules (LMs)?
RQ2. To what extent does the PDP deepen teachers’ math content knowledge, increase teachers’
computing knowledge, and change teachers’ attitude related to computing?
RQ3. What are teachers’ opinions of the iMPaCT curricular activities and suggestions for
improvement?
1.2

Methodology Overview
The research includes both qualitative and quantitative data. The data will be divided into three

parts for analysis:
Part 1: Analysis of teachers’ written work – Throughout the PDP teachers worked through several
activities that I have scanned and copied for analysis.
Part 2: Analysis of pre-post assessment and surveys – Teachers took a pre and post assessment that
included 11 items on algebra concepts and 8 items related to computing, as well as a survey about their
attitudes towards computing.
Part 3: Video Analysis – The PDP was videotaped in its entirety and will be used as observational data.
1.2.1

Delimitations
Only 11 teachers attended the PDP summer workshop. This sample size is generally too small

for statistical analysis. In addition, the small sample of teachers might not reflect the diversity in Algebra
1 teachers.
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Chapter 2: Theoretical and Contextual Background
This chapter provides information related to the iMPaCT-Math project. First, the benefits, uses,
and appropriate implementation of digital technology in the math classroom are discussed. Next, more
information on the three modules created for use in Algebra 1 classrooms is presented. Lastly, the
characteristics of an effective professional development program are highlighted.
2.1

Technology
Digital technology has become an ubiquitous part of daily life and is rapidly developing.

Mathematics classrooms are no exception as there are several tools available (graphing calculators,
computer algebra systems, smart boards, dynamic geometry software, interactive online text, etc.).
These technologies can facilitate learning by providing multiple representations (graph, expression,
verbal, table, etc.). In addition, technology provides a dynamic representation that students can interact
with and allows them to see mathematical behavior as they interact with an object (Laborde 2007).
The National Council of Teachers of Mathematics recognizes the importance of technology in
math education as they created the technology principle as one of their six principles which states
“Technology is essential in teaching and learning mathematics; it influences the mathematics that is
taught and enhances students' learning.” (NCTM, 2000).
Pea (1987) defines a cognitive technology as “any medium that helps transcend the limitations of
the mind (e.g., attention to goals, short-term memory span) in thinking, learning and problem-solving
activities.” Pea categorizes the use of cognitive technologies as either an amplifier or a reorganizer. As
an amplifier, technology makes tasks less tedious and more accurate. As a reorganizer, technology can
changes the focus of students’ thinking about math concepts. Sherman (2012) focuses on digital
cognitive technologies and applies the amplifier-reorganizer distinction to examine the use of a
technological tool.
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Although the potential to enhance student learning through use of technology is recognized,
technology can be detrimental to student learning if implemented poorly. Garofalo, Drier, Harper,
Timmerman, & Shockey (2000) present five guidelines to appropriately incorporate technology into
math education: introduce technology in context; address worthwhile mathematics with appropriate
pedagogy; take advantage of technology; connect mathematics topics; and incorporate multiple
representations. The purpose of iMPaCT activities is not to learn about the capabilities of the TI-84 or
to focus on programming. The use of programming in iMPaCT activities is to provide a gateway for
presenting math concepts. These programs also provide multiple representations (statements in a
program, graphical output, etc.).
In order to help teachers adopt technology into their classrooms, professional development must
focus on the conceptual and pedagogical issues of the utilization of technology (Waits & Demana,
2000). The TPaCK (Technological Pedagogical Content Knowledge) is a framework for teacher
knowledge required for integrating technology into lessons effectively. The three components are: (1)
Pedagogical knowledge (PK) which is knowledge of classroom practices, management, student learning
etc; (2) Content knowledge (CK) which is the knowledge of the subject being taught; and (3)
Technological knowledge (TK) which is the knowledge of various technologies. The intersection of
these three components forms the knowledge necessary for a teacher to effectively integrate technology
into their classroom (Mishra & Koehler, 2006).
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Figure 2.1: Three Components: Content, Pedagogy, and Technology intersect, leading to more types of
knowledge and ultimately TPaCK (Mishra & Koehler, 2006).
2.2

iMPaCT Learning Modules
iMPaCT activities use programming as an avenue for students to explore mathematical concepts

from a new perspective. By modifying and executing programs, students can discover their errors in
reasoning and alter their programs to remedy their mistakes. These modules allow students to make
connections across multiple representations: (a) statements in a program; (b) computational process; (c)
graphical output; and (d) underlying mathematical concepts.
As mentioned earlier, the iMPaCT-Math team has developed three modules to strengthen
Algebra 1 students’ understanding of coordinate system, variables, and rate of change. In this section,
key activities for each module are presented.
2.2.1

Module 1 – Coordinate Systems
The activities in this module make use of the Pt-On command. The Pt-On command is a drawing

tool that plots a point at the given x-y coordinates (i.e. Pt-On (2,1) will plot a point at x=2 y=1).
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The first activity in this module is Battleship–a two-player game in which students use the PtOn command to plot a point that represents where they wish to attack in order to sink their partner’s
battleship.
The second activity is Missing Piece in which the students are given an incomplete picture
(Figure 2). The students are expected to complete the picture by writing a program with statements for
plotting the appropriate points.

Figure 2.2: Students are given an incomplete picture of a heart and must complete it by altering the
program to plot the appropriate points (Kranz, Amato & Freudenthal, 2013).
The third activity is Draw a Picture, which allows the students to be more creative. Using PtOn, the students will draw an image from scratch.
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Figure 2.3: Some samples of drawings made by students (Kranz, Amato & Freudenthal, 2013).
Use of the Pt-On command on the TI-84 in activities involving x-y coordinates is an example of
technology used as an amplifier. When students plot a point using the Pt-On command, they will
immediately see whether the point is in the position they intended it to be, and if they made a mistake or
confuse the x-coordinate with the y-coordinate, they can easily edit the program. Kranz, Amato &
Freudenthal (2013) reported that students were highly engaged in these activities and enjoyed being
creative; these experiences eliminate students’ confusion between the x- and the y-coordinates. Another
objective of Module 1 is to get students familiar with writing, executing, and editing programs.
2.2.2

Module 2 – Variables and Expressions
The way a variable behaves in programming is slightly different from the way it is used in

algebra. In programming, a variable is essentially a value-holder whose value can be updated as the
program is executed (e.g., X + 1 → X means that the value of X is increased by 1). In algebra, a variable
is definite in that its value is consistent at any particular instance (e.g. X + 1 = X would be a false
statement because the two X’s must take the same value). The goals of the activities is for students to
become familiar with storing values into variables (value-holder), experience the power of using
symbols to represent situations, and that variables can change values overtime. The activity Cash Flow,
involves keeping track of how much money a person has after they purchase various items or gain an
income.
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2.2.3

Module 3 – Linear Functions
The first activity in this module is the Slippery Slope. This activity is intended for students to

experience slope as the relationship between the y-increment and the x-increment through writing
programs and observing the corresponding graphical display. Using a looping program that will plot a
dot with each iteration, students change the parameters in the program in order to modify the steepness
and direction of the sequence of dots (perceived as line) generated on the graphical display. Students are
expected to make connections among (a) the parameters in the program, (b) the change in the x- and yvalues as the program is executed, (c) the rise and run of dot sequences, and (d) the concept of slope.
These connections may help students recognize the invariance of the rise/run ratio as the defining
characteristic of a linear function (Tabor, in press). The programming function of the TI-84 in the
Slippery Slope activity is an example of technology used as a reorganizer. Students deal with a looping
program that plots a series of points by incrementing x and y with each iteration; Students are not
explicitly asked to compute slope or change of y over change of x. The slope of line being computed
using (y2-y1)/(x2-x1) is “reorganized” as sequence of dots generated using x+∆x→x and y+∆y→y.
The second activity in this module is Asking Juliet, a contextualized story problem designed to
increase students’ interest level. Students must program a line (representing a ladder) to help Romeo get
to a specific endpoint to ask Juliet to the dance. In this activity, Romeo will always start at the origin.
Students should begin seeing the proportionality of the x and y values and the invariance of the y/x ratio.
The follow-up activity, Finding Juliet, involves starting points that are not at the origin; the ratio y/x is
no longer invariant and students must approximate slope by reasoning their starting point and with the
increments of x and y in their program.
The obstacle course activities are a series of obstacles (i.e. lines, triangles, two lines, etc.) in
which students must draw lines to get from their starting point to the destination. Students must use their
knowledge of slope and programming gained from the previous activities. Since the path is not a
9

straight line and multiple lines are needed to avoid the obstacle, students must be able to reason with the
computational process of the program by keeping track of values as their program is executed. This
ability allows them to determine the parameters in each loop so that the lines are connected to each
other. The early challenges offer a midpoint where one line ends and another begins, but in more
challenging obstacle courses, students have the freedom to choose their own midpoint.
2.3

Professional Development
“Professional development is defined as formal learning opportunities provided for teachers to

improve their knowledge, skills, and classroom practices” (Ragan & Liston, 2008, p. 3). Dunne explains
that professional development strategies must be aligned with its goals. Dunne (n.d.) provides four
different purposes of professional development and strategies to fulfill those purposes. Construct
knowledge which generally involves workshops or courses, transfer knowledge into practice which
generally involves work related to curriculum development and mentoring, practice teaching which
involves curriculum implementation and promote reflection which involves action research and
examining students’ work. The 3-day professional development for this project has elements of the first
three purposes described above.
It is important to focus on content and pedagogical knowledge as well as student learning
outcomes. Emphasis on this will prepare teachers to anticipate student responses and address
misconceptions (King & Newmann, 2004). Sowder (2007) suggests that a form of teacher learning can
be a focus on student thinking. By examining students’ work, teachers can develop a deeper knowledge
of their students’ reasoning.
According to Loucks-Horsely et. al. (2010), professional developers must have knowledge of the
numerous strategies for professional learning to be able to choose which strategies will be most effective
in achieving their intended goal. Guskey (2000) says that professional development will be more
meaningful for teachers if their learning experiences are connected with their responsibilities in their
10

workplace. Hunzicker (2012) suggests that professional development should be collaborative.
Collaboration allows teachers to actively participate in their learning by interacting with the professional
developers as well as other teachers. By allowing teachers to be able to share their perspectives,
problems and ideas they will become emotionally involved.
Mullins, Lepicki & Glandon, 2010, present a framework titled Ohio ABLE Professional
Development Evaluation Framework, designed to evaluate the effectiveness of professional
development. This model consists of the following four levels: (1) Satisfaction, which is the evaluation
of participants’ initial reaction to professional development; (2) Learning, which is the evaluation of
knowledge and skills that participants acquire through professional development; (3) Behavior, which is
the evaluation of participants’ application of knowledge and skills acquired through professional
development; (4) Impact, which is the evaluation of the effect that professional development has had
upon student and program performance. This model is multi-tiered, meaning that higher levels such as
behavior and impact should take into account the levels lower when being evaluated.
In our 3-day PDP, each presenter had different specialties. There was a presenter for each of the
three types of knowledge in the TPaCK framework. Dr. Eric Freudenthal specializes in computer
science and technology, Dr. Art Duval is an expert in math content knowledge, and Dr. Kien Lim is an
expert in math pedagogical content knowledge. Also, two presenters with experience in high school,
math instructional coach Mrs. Sharie Kranz and math teacher Ms. Catherine Tabor. Teachers had
several opportunities to discuss their thoughts and concerns with each activity and their implementation
into their curriculum. Teachers were also given time to work with their colleagues to plan a curriculum.
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Chapter 3: Methodology
3.1

Participants
Eleven teachers from four different schools participated in this study. These teachers attended a

three-day PDP workshop that was held at the University of Texas at El Paso in August 2012.
3.2

Data Collection
In order to answer my research questions, I have collected various forms of data such as

videotapes of workshop sessions, written work of teachers, pre-post assessments and surveys. I used
this data to evaluate the levels of Ohio ABLE Professional Development Evaluation Framework.
However, there are slight differences between the goals of my research and those of the evaluation
framework. For example, I did not evaluate the effect on student achievement because I focused
primarily on the PDPs effect on the teachers themselves. As stated before, my research questions are
developed so I can inform the program coordinators how to improve their PDP to fulfill its intended
purpose, which is to prepare teachers to effectively implement iMPaCT activities in their lesson plans.
3.2.1

Videotapes of Workshop Sessions
The PDP workshop was videotaped with a total of 22 60-minute videotapes. For the first two

days there were two cameras on each side of the room and the third day there was only one. During
presentations, the cameras were focused on the presenter and the surrounding teachers. During group
work, the cameras focused on one group of teachers. Below is a short overview of the events of the
PDP. (Refer to Appendix A for a detailed timeline.)
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Table 3.1: Events of the PDP


Battleship



Missing Piece



Draw a Picture



Pre-assessment on Variables



Discussion on Variables and Value-Holders



Post-Assessment on discussion



Variables and Expressions



Cash Flow

Day 2 Morning



Slippery Slope

Day 2 Afternoon



Finding Juliet



Asking Juliet



Mountain Obstacle



Jump Obstacle



Mr. N Obstacle



Creating a perpendicular line



Teachers from the same school group to discuss how to

Day 1 Morning

Day 1 Afternoon

Day 3 Morning

Day 3 Afternoon

implement iMPaCT activities into their curriculum.

3.2.2

Artifacts
The teachers’ written work were scanned and copied. They completed a pre-assessment on using

variables to keep track of monetary values (Appendix B1), post-assessment on value-holders (Appendix
B2), Asking Juliet worksheet (Appendix B3), three obstacle courses (Mountain, Jump, Mr. N)
(Appendix B4-B6) and the task of creating a perpendicular line by altering the program for the given
line (Appendix B7).
13

3.2.3

Pre-Post Assessment
The teachers were given a pre-post assessment (Appendix C1) as well as a survey at the

beginning and at the end of the PDP workshop. The assessment measured their math content knowledge
(11 items) as well as their computational knowledge (8 items).
3.2.4

Attitudes towards Computing Survey
A survey on teachers’ attitudes towards programming (Appendix C2) was given at the beginning

and at the end of the PDP. The survey contains two items measuring the teachers’ confidence, two items
related to gender, five items on their enjoyment, four items on their opinion of the nature of
programming, and five items about the value of programming to their lives.
3.2.5

Online Survey
At the end of each day of the workshop, the teachers completed an anonymous survey (Appendix

C3) online about their thoughts and attitudes of their experience in the workshop that day.
3.3

Data Analysis
The data analysis was performed in two phases. In the first phase, I analyzed each of the three

types of data independently. Hence, there were three parts in Phase 1. In the second phase, I used the
analyses from Phase 1, triangulated multiple data sources, and revisited the raw data to gain further
insights and answer my research questions.
3.3.1

Part 1: Analysis of Written Work
During the PDP there were several activities in which the teachers had to write down their

responses. For each activity, I perused all the teachers’ responses in order to determine what to focus on
in my analysis. In general, I looked for similarity in responses, typical mistakes and/or common themes.
An Excel spreadsheet was used to record a short summary of each teacher’s response to each activity. I
searched for patterns in data on the spreadsheet and confirmed them in the teachers’ responses. Each
teacher’s performance on all the activities was summarized and all the teachers’ performance on a
certain activity was summarized.
14

3.3.2

Part 2: Analysis of the Pre-Post Assessment and Computing Survey
The pre-post assessment and survey was analyzed quantitatively using Minitab software. Three

paired t tests were performed to ascertain pre-post improvement overall, one for algebra items and one
for programming items. Possible reasons for incorrect responses were considered.
A paired-t test was also performed on items in the computing survey. A test was performed
overall and for each subcategory: confidence, gender, enjoyment, nature of programming and value.
3.3.3

Part 3: Analysis of PDP Videotapes
The analysis of the videos was conducted in four steps: data preparation, data exploration, data

reduction, and data interpretation (Hesse-Bieber & Leavy, 2011).


Data preparation involves identifying all the data available, how the data will be analyzed and
how it helps answer the research questions. After identifying the portions of the video that are
insignificant (e.g. ice-breaking activity, welcoming speech), I transcribe the segments that
contain pertinent data. Observable affective expressions of the participants will be noted in the
transcripts.



Data exploration involves understanding the data collected, highlighting important events, and
think about how the data can the data be categorized in order to recognize themes in teachers’
behavior and other events that occur during the PDP.



Data reduction involves coding using categories generated during the data exploration phase and
removing data that is not valuable to answering the research questions.



Data interpretation involves understanding what the data that has been collected means and
writing a narrative.
The online survey along with the results from analyzing the PDP videotapes informed what

improvements are needed to ensure that future PDPs are more beneficial for teachers.
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This project was reviewed and approved by UTEP Institutional Review Board. All of the data
collected preserved confidentiality of participants. The videotapes will only be accessible to those
involved with this study. In place of their names, teachers wrote a unique 3-digit number on their
written work, assessments and surveys.
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Chapter 4: Results
4.1

Written Work Results
The results of the written work will be presented in chronological order because certain events

within the PDP or prior activities can influence the thinking and strategies on subsequent work. I will
give a brief description of each activity as they are presented. The results from analyzing the written
work helped identify how well the teachers understand the activities, their math content knowledge, and
their computing knowledge.
4.1.1

Module 2 – Denoting Variables
This activity was given to the teachers prior to the lesson on variables on Day 1 of the PDP.

This was a story problem that involved three people (Carl, Joel, and Adam) who are preparing for a trip
by buying plane tickets and booking hotels. The problem asks to keep track of each person’s money
after each transaction (refer to Appendix B1). The purpose of this activity was to allow the teachers to
deal with a variable whose value changes throughout the problem. How will they represent the quantity
after each transaction?
Six teachers used subscripts, four used subscripts such as C1, C2 and C3 to keep track of each
person’s money after each transaction, one used them only to differentiate between Carl, Joel and Adam
(S1=Carl, S2=Joel, S3=Adam) and one teacher used them to assign symbols to the amounts of
transactions (Cb to represented Joel’s plane ticket).
Five teachers assigned multiple values to one symbol. For example, Carl’s savings of $1560 as
well as his resulting money of $842.07 being represented by the letter ‘C’.
Two teachers used an expression that subtracts each transaction from the original savings (C =
1560 - 431.25 – 860 + 286.66 = 842.07).
After discussing their answers and the use of subscripts, the teachers were given a handout with
two questions to summarize what they have learned in the lesson, and to see whether they understand the
idea of a value holder in computing and its difference from a variable in algebra (refer to Appendix B2).
The first question was “What is the difference between ‘C – 431.25 → C’ in computing and ‘C –
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431.25=C’ in algebra?”


Six teachers clearly explained how “C – 431.25 →C” works in computing.



Seven teachers demonstrated understanding of what a value-holder is.



Seven teachers mentioned that the statement “C – 431.25=C” is false in algebra.



Five teachers showed clear understanding of what a variable is.



One teacher’s assignment is missing.
The second problem was “Write out additional statements to represent the other transactions in

the story problem.” All teachers correctly wrote the statements however, three teachers had answers that
have some transactions missing but their work was otherwise correct.
4.1.2

Asking Juliet
This activity is part of Module 3 and intended for high school students; the teachers experienced

this activity as learners. It involves a story problem where Romeo wants to ask Juliet to the ball.
Romeo is at the origin and Juliet is in another location (i.e. (20, 20). Romeo must make a ladder to
reach her location (refer to Appendix B3). There was one teacher who was not present for this activity.
Since this worksheet was intended for high school students, all the teachers answered each of the
questions correctly. I analyzed the last question where the teachers reflect on what they have learned
from this activity.
Four teachers mentioned that because they started at the origin, their ratio is easily found as
y/x. Seven teachers mentioned that any “equivalent ratio” will be correct. One teacher who was present
did not write a reflection.
4.1.3

Obstacle Course – Mountain
The activity was given at the beginning of Day 3 of the PDP. The goal of the activity is to create

a program that draws a path from the starting point that avoids the obstacle (mountain) and reaches the
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ending point (refer to Appendix B4). There was an error on the original worksheet. The error was
brought to the teachers’ attention while they were writing or typing their program.
This activity, first in the sequence of several similar activities, is designed to be easy. For
example, it is obvious that a simple solution is to make the path pass through the plotted pointed at (30,
30). Most teachers created two loops, one for the first line that goes to (30, 30) and the second that goes
from (30, 30) to (60, 0). The only difference among their programs is how the first loop ends. Five
teachers used x ≤ 30 as the while condition for the first loop, one teacher used x < 31 instead, and one
teacher used x < 30 for the first while loop then x < 60 for the second. Four teachers’ work is missing.
4.1.4

Obstacle Course – Mountain: Teacher suggestions
After discussing the solutions to the mountain obstacle course, teachers were asked to write what

they would do differently when doing this activity with their students. There were two suggestions
about labeling the start, mid and endpoints on the worksheet, using labels like A, B, and C or Start, Mid,
and End. One suggestion was to insert additional lines to reinitialize the values of x and y after the first
loop and before the second loop in the program. Another suggestion was that there should be a
discussion about boundaries, inequalities and intervals. One teacher suggested that the first mountain
activity be started as a teacher-led discussion where they will discuss the program, where the start and
endpoints are and how the mountain is created; students can then work on the rest of the activity on their
own.
Two teachers suggested that the program should have y incremented first then x so that it is
consistent with △y/△x in the slope formula. One teacher wanted to discuss parallel lines before doing
this activity. Another wants to remove the while condition that involves y (While y < 21) because the
format should remain consistent. Another teacher wanted to start with a maze that requires one line
segment and then transition into the mountain activity which requires two line segments. Two teachers
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wanted to start with rectangles and squares so that they can introduce the slope of horizontal and vertical
lines.
4.1.5

Obstacle Course Jump
This activity was given after a short discussion that followed the Mountain activity. Like the

previous activity, teachers must create a path to avoid the obstacle. While the obstacle in the previous
activity has the shape of an inverted V to represent a mountain, the obstacle in this activity is a vertical
line representing a wall (refer to Appendix B5).
One teacher did not write a program stating that the solution to the previous activity also works
for this one. Six teachers wrote programs that were correct while four teachers had incorrect programs.
Six teachers used the solution similar to the mountain activity with different while loop conditions.
Three teachers correctly changed the first while loop to "x ≤ 29". Two teachers incorrectly had "x<31"
and one teacher incorrectly had "y<31".
One Teacher used 9/12 as the step size (incremented Y by 9/12 as X is incremented by 1) and
stated that he was searching for the smallest slope that will still clear the obstacle (in this case (30, 30))
and that it can help with the understanding of slope and fractions. Two teachers had the first loop go to
(60, 60) and then straight down (Figure 4.1) and one teacher had three loops (diagonal up, then
horizontal, then vertical) (Figure 4.2).
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Figure 4.1: Teacher solution that involves having the first loop create a diagonal line that stops at
(60,60) and a second loop that goes down to (60,0).

Figure 4.2: Teacher solution that involves three loops to create three lines (Diagonal, horizontal,
vertical).
4.1.6

Obstacle Course Mr. N
This activity was given after a discussion that followed the second obstacle course activity. This

activity is more challenging as there are now two obstacles to avoid, a vertical line from the bottom and
a vertical line from the top (refer to Appendix B6).
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Three teachers had a correct program, although one is incomplete. One teacher had a correct
program and was aware that it is off by one point because the slope was approximated after using the
slope formula. Seven teachers had incorrect programs. Five teachers had incorrect while loop
conditions. One teacher re-initialized the y value to an incorrect value. Four teachers used reinitialization to fix the values after the loops. Three teachers demonstrated the ability to represent slope
as a unit rate. Seven teachers had incorrect programs.
4.1.7

Perpendicular Lines
This activity was given after the third obstacle course. The teachers were introduced to a

variable ‘S’ that represents the change in y. The teachers must anticipate what graph they expect to see,
find the correct slope for the perpendicular line and then change what is necessary in the program to
generate the graph of the perpendicular line (refer to Appendix B7).
Six teachers' graphs had the correct slope while four teachers had an incorrect slope. Three
teachers drew a line, five teachers drew dots and two teachers drew a line with dots for their graph.
Three teachers didn't have their line go all the way to the top of the screen.
Four teachers found two coordinate points generated by the program and used them to find the
slope of the line. Overall, every teacher except for one was able to get the correct slope of the new line
(One teacher incorrectly used -2). All the teachers knew what needed to be changed in the program
(initial y is 30 and ‘S’). Two teachers used a different method than
S = -1/2. They assigned -1 to S and increased x by 2 units in the loop (Figure 4.3). One teacher's work is
missing.
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Figure 4.3: The original program is on the left and the teacher’s solution is on the right. The teacher
changes the original value of S to negative one and increments x by 2.
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4.2

Pre-Post Assessment/Survey

4.2.1

Pre-Post Assessment
Overall, the paired t-test showed a significant improvement with in teachers’ scores with a p-

value of 0.007 and t-value of -3.40.
Below is a table that shows how each teacher individually improved overall, in math content
knowledge and in computational knowledge. Teachers generally had remained the same on math
content knowledge items and most teachers improved on computational knowledge items. A look at the
number of correct responses on each question will determine what concepts teachers improved on as
well as which concepts they are still struggling with.
Table 4.1: Comparison of the number of correct responses by each teacher.

128112
128116
128128
128216
128222
128324
128369
128458
128462
128516
128567

Mathematics
PrePosttest
test
10
10
6
6
4
4
7
6
4
5
11
10
8
9
9
9
6
6
9
10
4
8

Computational
PrePosttest
test
6
7
2
3
1
2
2
4
3
5
4
7
2
5
6
6
0
1
1
5
3
4

Overall
PrePosttest
test
16
17
8
9
5
6
9
10
7
10
15
17
10
14
15
15
6
7
10
15
7
12

Math Content Knowledge
There was not a significant improvement in the teacher’s math content knowledge (p-value of
0.296, t-value of -1.10) based on participants’ performance in the 11 math items in the test. There was
an improvement on questions 2, 3, 4, 8iii, 8iv. There was a negative improvement on question 5 and 8ii.
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Computational Knowledge
There was a significant improvement in the teacher’s computational knowledge (p-value of
0.001, t-value of -4.81) based on participants’ performance on the 8 computing items in the test. There
were three questions (9iv, 11 and 12) that the teachers struggled with in both the pre and post
assessment.
4.2.4

Attitudes towards Computing Survey
Overall, there was no significant improvement in teachers’ attitudes towards computing (p-value

of 0.412, t-value of -0.86). There was a significant improvement in enjoyment (p-value of 0.022, t-value
of -2.72), but not in the categories confidence (p-value of 1, t-value of 0), value (p-value of 0.904, tvalue of -0.12), gender (p-value of 0.672, t-value of 0.44) and nature (p-value of 0.412, t-value of -0.86).

4.3

PDP Videotapes
Events of the PDP with similar themes have been categorized. The categories are presented

below. Within each category, events are organized by the day in which they occurred. For each day,
information gathered from the online survey will be presented if it is relevant to the category.
4.3.1

Category 1: Suggestions for improving iMPaCT activities for students.

Day 1
For the battleship activity, some teachers said that they preferred Quadrant II and IV because
there is a positive and negative on each quadrant for students to distinguish between x- and ycoordinates. The developers have already included these two quadrants into the activity.
Day 2
Teachers made several suggestions on how to improve the Slippery Slope activity. Oscar, Jared
and Karla (all names are pseudonyms) suggested that it should start with an example where x = 0 to
reinforce the concept of the y-intercept. They also would like to have students move from one
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representation to another (e.g., given a graph or table, write a program). They also wanted to start with
vertical lines because “it will facilitate the change in y over change in x when talking about slope”.
Jared mentioned that showing “Y+0  Y” in the program for a horizontal line will help students notice
that y remains constant.
Anna, Charlie and Jennifer suggested that the increment of y should be before the increment of x
in the program so that “they (students) can make the connections to the slope formula”. They also
mentioned that they would make the students graph by hand by giving them a starting point other than
zero and have them extend the line based on the slope they have until it intersects both the x and y axes.
Melanie and Earl suggested that they can let students experiment with different slopes. Let the
students choose what the increment x and y by and make connections with the effect on the graph.
Day 3
For the obstacle course activities, Jared suggested that the start, mid and endpoints are labeled so
that the students can clearly see the start and end points because it was hard to see. Karla mentioned that
you can give the students points in the graph, label them with ascending numbers and have students
draw lines to connect all the points and create a picture (Connect point 1 to 2, then 2 to 3, etc.).
4.3.2

Category 2: Comments/Concerns about Implementing Activities in the Classroom.

Day 1


While playing battleship, Jared discusses with Anna that it is hard to keep track of the
hits and misses on the visual display of the calculator.



In regards to Draw a Picture, Jared mentions that his students used the shortcut to
manually plot a point without programming with the Pt-On command. This is mentioned
again later by Lisa who worries that the students will find the shortcuts and lose the
meaning behind each activity.



Bob had a concern that there will not be a 100% buy in from both students and teachers.
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Bob said that teachers will not be able to anticipate everything that is going to happen in
their classroom.



Lisa mentioned that teachers may start teaching the shortcuts.



Jennifer is concerned about differentiation because she has all freshmen and she wants to
reduce wasted class time. She suggests that there can be strong students in each group.



Anna mentioned that her class is only 45 minutes long so time constraint is an issue.



Lisa said that there will be students who fall behind without informing the teacher.



Jared said that in his classroom, eight calculators crashed and there was nothing he could
do.

4.3.3

Category 3: Topics or activities that teachers enjoyed.

Day 1
Teachers mentioned in the online survey that best part of this day was learning the activities,
networking, and working with the calculator. One teacher mentioned that it was good to have a diverse
team with an expert on each topic (Pedagogy, Computer Science, and Mathematics) and instructional
coaches who understand the complexity of classroom teaching.
Day 2
Five teachers mentioned that the activities presented were the greatest strength of this day while
three teachers mentioned that walking through the Slippery Slope activities as learners is what they
enjoyed the most. Overall, teachers enjoyed pretending to be students during the Slippery Slope
activity.
Day 3
In the online survey, teachers mentioned that they enjoyed learning about the activities and
sharing their ideas. One teacher mentioned that being able to work with their campus on a curriculum
towards the end was helpful.
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4.3.4

Category 4: Connection to other math topics.

Day 2
Dr. Duval made a connection to parametric equations when he discussed the underlying
mathematics of the Slippery Slope activity. In regards to the while loop, he mentions that x and y are
dependent on another variable t (time) which increments by one after each iteration of the loop. After
the teachers had presented their suggestions for connecting the Slippery Slope activity, Dr. Duval
connected the concept of parametric equations to the activity in Day 1 (Story problem with Joel, Adam,
and Carl) by mentioning that each person’s amount of money is dependent on an extra variable (time)
whose value can be denoted using subscripts (C1, C2, C3, etc.).
Day 3
Dr. Lim made a connection between slope and Geometry (similar triangles). The mountain
obstacle, and the path created by 2 lines are both triangles and are related by a scale factor.

He wanted

teachers to be aware of this connection and how it is related to proportional reasoning.
4.3.5

Category 5: Concerns about the PDP activities.

Day 1
Teachers were confused about the story problem in the pre-assessment involving variables (refer
to Appendix B1). Teachers were not sure who was buying each ticket and if Carl was reimbursed for
buying Adam’s ticket. They also said that there is no need for keeping track of values since the answer
can be found with the information. In the online survey, one teacher mentioned that there should be less
talk on the theory of the programs. Two teachers mentioned that some activities were confusing on what
they had to do, probably referencing the activity stated above.
Day 2
In the online survey, one teacher mentioned too much theory on computer science and
complicated mathematics. Another teacher mentioned to have less “computer science theory” and more
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time on practical math activities. They are possibly talking about unary, binary operations or parametric
equations.
Day 3
Two teachers mentioned that they would like more time to plan their curriculum as a campus.
When asked what support the teachers would like, the responses were to meet again (PLC) and to have
less confusing cards for the button commands. One teacher mentioned that they would like an obstacle
course for quadratic equations. When asked for suggestions to improve the PDP, most responses were
to be more organized. Some other responses were to have videos of actual implementation of these
activities in classrooms and have more time to make plans on how to integrate activities into their
classroom.
4.3.6

Category 6: Teachers explaining/presenting topics related to programming

Day 3
Charlie mentioned that when working through the mountain activity he wasn’t sure if the
resulting x and y values of the first loop are the values used in the second loop.
There was an error in the sample program for the mountain activity. The values of x and y were
incremented once more than they should have so the line generated by the second loop started one unit
higher and one unit to the right. Due to this error, there was a discussion that allowed teachers to present
their strategies for fixing this program. Karla fixed the error in the program by re-initializing the values
of x and y to (30, 30) after the first loop. Lisa changed the while condition to x ≤ 29, but Jared stated that
it would be hard for students to understand if they want to stop at 30 so they need the condition to be 29.
4.3.7

Category 7: Arguments/ Disorganization

Day 1
Shortly after the story problem involving Joel, Adam and Carl, Dr. Freudenthal began to talk
about the difference between variables and value-holders, but Dr. Lim stopped him because he is going
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to give away his lesson. When Dr. Lim was trying to provide teachers a sense of how a computer
physically stores values on its working memory, Dr. Freudenthal said that he shouldn’t mention the
working memory because that was not accurate. In the same lesson, Dr. Lim talked about how C431.25=C is used in programming and ‘=’ is interpreted as an assignment. Dr. Freudenthal says not all
languages do that. Dr. Freudenthal talked about syntax and how different words have different
meanings. For the online survey, four teachers mentioned disorganization as a problem with the PDP.
Day 2
During Dr. Duval’s discussion of the underlying mathematics about the Slippery Slope activity,
Dr. Freudenthal interrupts him twice because he does not want Dr. Duval to talk about lines because that
discussion may prompt teachers to give different answers in the following activity (explaining how to
connect the Slippery Slope activity to “y=mx+b”). After the discussion on connecting Slippery Slope to
“y=mx+b”, Dr. Duval mentions that he would like to make a connection from the story problem from
the first day (Carl, Joel and Adam) to parametric equations. He apologized that it should have been
done earlier. After many activities the presenters have short discussions on what they want to go over
next. In the online survey, four teachers mentioned disorganization as an aspect that needs
improvement.
Day 3
After the last obstacle course, Dr. Freudenthal wanted teachers to reason through another
obstacle; however Dr. Lim wanted to start his activity on perpendicular lines. Dr. Freudenthal decided
to discuss another obstacle course but Dr. Lim said he will not have time to finish, which led to a minor
argument. In the online survey, three teachers mentioned disorganization. One teacher wrote, “debrief
of lessons can be better structured in terms of getting participants to share struggles, implementation
issues.”
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I will use the information gathered above to provide more insight and answer my research
questions in the next chapter.
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Chapter 5: Discussion and Conclusion
5.1

Teacher Responses to PDP Activities

5.1.1

Day 1
As a quick recap, the first day of the PDP focused on Module 1 and Module 2. As mentioned in

category 3 of the results, the teachers enjoyed getting familiar with the activities and having practice
using the calculator.
One teacher mentioned that some activities were confusing. This teacher was probably referring
to the activity with denoting variables (refer to Appendix B1). When teachers discussed their
difficulties, the discussion is mostly about ambiguity of the statements as mentioned in Category 5. This
can be remedied by making each transaction more explicit. Since teachers mentioned they can solve the
problem so they don’t need to keep track of values, the starting amounts for Joel, Adam and Carl can be
variables (x, y, and z) so that keeping track of transactions is necessary.
The negative feedback of this day was mainly on organization. While there were some minor
disruptions with presenters deciding what to do next, this comment largely stems from the discussion
about the difference between a variable in algebra and a value-holder in computing. This discussion was
after teachers discussed the previous activity on denoting variables (refer to Appendix B1). As
mentioned in Category 7, Dr. Freudenthal began to discuss the difference before Dr. Lim’s discussion so
Dr. Lim stopped him. When Dr. Lim mentioned that ‘=’ in programming is interpreted as an
assignment, Dr. Freudenthal interjected by saying that statement is only true for some languages. This
caused an argument between the two presenters about different programming languages and syntax.
This problem highlights the tension between being accurate and having relevance. While this discussion
started because of the need to be accurate, it is irrelevant to the intended purpose of the discussion. This
also shows the inevitable difference in perspectives and values between experts from different
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disciplines. To resolve this, Dr. Freudenthal, who is the expert in computer science, should explain how
a value-holder works in programming, while Dr. Lim explains how variables work in algebra.
5.1.2

Day 2
The second day focused on the Slippery Slope activity as well as Asking and Finding Juliet. Cat

modeled the Slippery Slope activity very well and the teachers were having fun pretending to be
students.
There were three main problems that the teachers had with this day, organization, too much
theory on computer science and complicated mathematics that were unnecessary. For organization,
there isn’t much to say beyond what was stated in Category 7 other than connecting the story problem
from Day 1 to parametric equations should have been done on the first day.
There wasn’t that much theory on computer science discussed this day. Dr. Freudenthal had a
small discussion about the sequential nature of a loop. The teachers might have mentioned this because
they might not have appreciated the importance of the while loop structure. This is a possible indicator
that teachers are more interested in teaching and learning procedures than taking time and effort to think
and understand mathematical concepts.
As for complicated mathematics, the only topics that Algebra I teachers would deem
“unnecessary” were parametric equations and unary and binary operations. While the connection to
parametric equations is important, teachers probably don’t feel an immediate need for this knowledge.
The discussion about unary and binary operations was brought up because of a parking lot question
about the difference between negative and minus. This discussion could be skipped in future PDPs
unless it is asked again.
There was a discussion after the Asking and Finding Juliet activities about why the points
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(4, 7)  (41, 26) were chosen for the activity. This discussion was brought up by Sharie who wanted to
explain her reasoning for choosing these points. This discussion was not planned and can be included in
future PDPs to give the teachers insights as to why these particular points were chosen.
5.1.3

Day 3
This main activity related to the learning modules on Day 3 was the Obstacle Course. There was

an error in the sample program for the mountain activity. The first while loop ended with the values of x
and y one increment higher than they should be which resulted in two disjointed lines. This program
should be fixed for the next PDP; however the presenters made the most out of this error by getting
teachers to share their ideas on how to fix this program. This incident can be taken to indicate the
presenters’ ability to capitalize on a mistake and use it as an opportunity to learn.
One teacher mentioned that debriefs could be better structured to get teachers to share struggles
and implementation issues. There were not that many opportunities for teachers to discuss their
concerns about the activities on this day and there should be time dedicated to this in the next PDP.
There were arguments as mentioned in Category 7 that could be resolved by better planning.
One teacher mentioned that she is unsure on how to separate the programming from math. This leads to
a discussion on the tension between math and computing that was not planned.
As mentioned by one of the teachers, video of actual implementation in the classroom would be
beneficial for teachers. Teachers will be able to see how to implement (similar to Cat modeling Slippery
Slope) as well as see how students are responding to the activities.
5.2

Development of Teachers’ Math and Computing Knowledge

5.2.1

Mathematical Content Knowledge
Building teachers’ mathematical content knowledge was not a focus of the PDP so it is not

surprising that they did not improve. The teachers did not have difficulty with the math concepts in their
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written work (finding the slope, perpendicular, etc.). There were however, some questions on the pre
and post assessment that most of the teachers got incorrect.
Table 5.1: Number of correct responses on math content knowledge items.
1 2
Pre 11 7
Post 11 8

3
2
4

4
6
7

5 6 7 8i 8ii 8iii 8iv
7 9 6 3 11 9
7
5 9 6 3 10 10 10

For Question 3 (Figure 5.1), answers d and e were popular responses probably due to the
teachers not attending to the quantity that the y-axis represents (speed and not distance).

Figure 5.1: Question 3 of the pre-post assessment.

For question 7 (Figure 5.2), 5 teachers incorrectly chose b as their answer, possibly because they
assume she is slowing down towards the end of her trip.

Figure 5.2: Question 7 of the pre-post assessment.
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Question 8i proved the most difficult. Question 8i deals with a graph of a linear function that
does not pass through the origin and teachers must complete the sentence: “As x increases, the ratio y/x
____.” Two of the three teachers answered this question correctly on both the pre and post assessment.
Five teachers wrote that the ratio y/x doesn’t change as x increases. This is possibly because teachers
confused y/x with slope and since the graph is linear the slope won’t change. However, there was a
discussion related to this problem after the Asking Juliet activity about how the ratio y/x is constant only
when the function passes through the origin. In their written work, four teachers mentioned this fact in
their reflection.
5.2.2

Computational Knowledge.
As seen in the numerical results, the teachers performed much better on the post-assessment.
Table 5.2: Number of correct responses on computational knowledge items.
9i 9ii 9iii 9iv 10 11 12 13
6
2
8 0 2 7
Pre 7 5
8
2
8 2 1 11
Post 9 8

While Loops
The teachers improved on the first three parts of question 9 (Figure 5.3), which deals with a
program of the same structure as those in Module 3. However, some teachers still answered 9iv
incorrectly. Seven teachers wrote that the final value of Y was the value of the last point plotted.
However, after the last point is plotted Y gets incremented by 2. Clearly, the teachers are not attending
to the last increment of X and Y after the last point is plotted. The teachers are probably not thinking
computationally. However, developing computational thinking is something that probably takes time
for non-computer science majors to develop.
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Figure 5.3: Question 9 of the pre-post assessment.
This may be a consequence of the sample program in the mountain activity having the same error
as all teachers make this mistake on their written work. This mistake was addressed after the mountain
activity with a discussion on how to fix this error. Some teachers came up with solutions such as
changing the while condition and re-initializing the values of X and Y after the first loop. This
discussion helped the teachers as only three teachers make this mistake on the jump obstacle. However,
on the Mr. N obstacle, five teachers made this mistake again.
Value-Holders
All the teachers were able to correctly answer question 13 which was that “M+2N” replaces
the value of N with the value of M+2. This is reinforced by the post assessment on denoting variables.
The majority of teachers were able to clearly explain how “C – 431.25 →C” works in computing and
what a value-holder does. The teachers had no difficulties with storing values on any of their written
programs.
Other Difficulties on the Assessment
For question 11 (Figure 5.4), all teachers were incorrect in the pre-assessment while two were
correct in the post-assessment. Most teachers chose answer d probably because they did not pay
attention to the order of P and Q. The coordinate points are (P, Q) so P-1P would move left along the
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x-axis as Q+1Q would move up along the y-axis. If the teachers believed the points were (Q, P),
probably because Q is used in the while condition like x is in the activities, then P-1P would move
down along the y-axis as Q+1Q moves right along the x-axis.

Figure 5.4: Question 11 of the pre-post assessment.
For question 12 (Figure 5.5), only two teachers answered correctly in the pre-assessment and one
teacher was correct in the post-assessment. Of all the incorrect answers, all but one teacher said that five
dots appear on the display. This is possibly because the program does plot five dots, but they are plotted
in two locations, so only two dots appear on the display. This item seems to assess teachers’ attention
to details rather than computing knowledge, and is therefore considered a weak item for the purpose of
this study.
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Figure 5.5: Question 12 of the Pre-Post assessment
5.2.3

Attitude towards Computing.
The numerical data suggests that there was no overall improvement in the teachers’ attitude

toward computing. The only category that had a significant change was enjoyment. Teachers have
stated they enjoy these activities in the online survey as well as their responses witnessed in the videorecordings.
5.3

Teachers’ Opinions on iMPaCT Activities
Although all the teacher’s suggestions and opinions are stated in the results, for this section, I

would like to examine why teachers made those suggestions.
5.3.1

Focus on Student Struggles.
One group had suggested beginning the Slippery Slope activity with vertical lines to introduce

vertical and horizontal lines. Two of the three teachers in this group mentioned that the obstacle course
activity should start with rectangular obstacles for the same reason. These teachers probably have
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difficulty getting their students to understand vertical and horizontal lines and are fixated on finding a
way to help students understand the difference between a non-function and a constant function.
5.3.2

Suggestions focused on guiding students.
There are some teachers who were either worried that their students will be lost or they are used

to guiding students through activities. For example, there was the suggestion to start Slippery Slope at
x=0 so that they know clearly what the y-intercept is. However, the idea of starting near the y-intercept
is so that students can work backwards using their slope in order to find the point where the line passes
through the y-axis.
One teacher wants to add “y+0y” to the horizontal line in the beginning of Slippery Slope so
that students will clearly see that the y values are not changing when the line is horizontal.
There were two groups of teachers who suggested switching the order of y and x in the program,
so that the increment to y is above the increment to x. This is because they want to be consistent with
the slope formula to avoid confusion. Nevertheless, it is important for students to understand, while the
distinction between the numerator and denominator in the slope formula is essential, the order in which
variable is changed first does not matter. If students were always given y over x they will stop thinking
about why we need to divide change of y by change of x but not the other way around.
For the obstacle course activities, one teacher wanted to start with obstacles that can be cleared
with only one line. However, students have already had experience with one line with activities like
Slippery Slope, Asking Juliet and Finding Juliet. This suggestion seems to indicate the teacher’s
inclination to begin with simple problems instead of challenging her/his students to work on a
cognitively more demanding problem.
One teacher wanted to add two lines after the first loop to reinitialize the values of x and y before
the second loop starts. This teacher is worried that students will make the same mistake that was made
by many teachers as well as in the sample program. Re-initializing the starting point of the second line
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segment can relieve students from having to reason with the program and determine where the first line
segment ends, but this re-initialization might result in a discontinuity between the two line segments.
More importantly such a strategy deprives students from thinking computationally.
5.3.3

Teachers’ concerns.
Most of the teachers’ concerns were discussed and addressed with solutions. Concerns such as

calculators crashing or teachers not being able to anticipate everything were addressed but not “solved”
since there is little that can be done if all the calculators crash and there will always be events that are
not anticipated during lessons.
Other concerns such as some students getting behind and differentiation were addressed by
letting the students form groups and have a strong student in each group if possible.
For the concern that not all teachers will buy into this curriculum, there should be instructional
support for teachers to relieve their fear of using unfamiliar activities.
One teacher mentions that they have 45 minute classes and the solution was to have support
materials to help facilitate the lesson. However, the time constraint of 45 minutes is still a problem since
there would still not be enough time to do these activities even with support materials.
Two teachers mention that students will take shortcuts and lose the meaning and teachers may
start teaching the shortcuts. While there are measures to be taken if students use shortcuts (i.e. making
students show their program for Draw a Picture) there is no solution to make students want forego
taking shortcuts.
5.4

Conclusion
Overall, this PDP did manage to achieve its goals. Teachers became familiar with the iMPaCT

materials and there was an improvement in their computational thinking, both which contribute to them
effectively implementing these activities in their classroom. An emphasis on discovery and addressing
the teachers’ suggestions will help teachers understand the reasoning behind each activity. A follow-up
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to this study would be to follow teachers to their classroom and evaluate how well they implemented
these activities. Hopefully the information provided by this study will help the development team
improve the next PDP and contribute to the iMPaCT project’s success!
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Appendix
Appendix A: Timeline of PDP
The following is a timeline of the events of the PDP. Reconstructed from the videotapes and
field notes all the times listed are estimated.
Day 1
Time
9:30
9:36
10:17
10:24
10:30
10:33

Description
Intro to iMPaCT
Teachers are introduced to ‘Battleship’ and play a few games.
Teachers are introduced to ‘Missing Piece’
Teachers are introduced to ‘Draw a Picture’
Cat talks about how to archive a program
Dr. Duval speaks about mathematical concepts of the previous lessons.

10:46

Dr. Freudenthal speaks about the programming aspects of the lesson
the sequential nature of programming and giving the students a need.

11:30
1:10

Dr. Lim speaks about anticipated concerns from
people who have not implemented the activities then from those who have.
Break to lunch comeback at 1:00
Pre-Activity (Story Problem, Carl, Joel, Adam)

1:25

Group work to discuss the Story Problem

2:07

Discussion of the difference between variable and value-holder
Discuss in groups difference between C-431.25->C in computing
C-431.25=C in algebra
Start "Post-Assessment" involving the difference between variables and valueholders.
Sharie presents "Variables and Expressions"
Dr. Freudenthal and Dr. Duval talk about what Cash Flow is about.
Sharie addresses parking lot questions.
Who will you adjust these activities for EOC?
Talk about what EOC concepts were covered today.

11:04

2:11
2:30
2:34
2:50
3:00
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Day 2
Real
Time

Description

10:05
10:13
10:18
10:25
10:27
10:32
11:07
11:14
11:20

Cat teaches the Slippery Slope lesson.
The teachers experience the lesson as if they are students.
Get into groups and start reflection.
Discuss the reflection
Adding Y+1->Y to the program.
Changing initial conditions
Change the slope to negative
Group Reflection
Discuss the reflection
Dr. Duval makes additional comments for the reflection.
Dr. Duval continues and talks about Parametric equations

11:26

Groups discuss how they would make the connection to y=mx+b

11:41

Each group presents their discussion
Dr. Freudenthal asks the teachers to write down their prediction of
what does the program "ALMOST" will do.

9:10

11:55
12:16
1:16
1:17
1:26
1:33
1:40
2:12
2:30
2:33
2:46
2:51
2:53
3:16
3:22
3:24
3:34

Dr. Lim poses a question
"Why is it difficult for students to see the connections?"
Return from Lunch
Dr. Lim asks the teachers what they liked about the activities.
What was the highlight of the Slippery Slope activity?
What would you do differently?
Sharie begins Asking Juliet
The teachers do the activity in pairs.
Sharie discusses Finding Juliet
Dr. Duval discusses slope concepts of the Juliet activities
Dr. Freudenthal discusses the sequentiality of the loop.
Dr. Freudenthal "introduces" the importance of the starting point.
Dr. Duval talks about the importance of the starting point (origin)
and what extra steps are needed if you don't start at the origin.
"Would this be a good poster for your classroom"
Suggestions for improving the poster.
Dr. Lim addresses parking lot questions.
Dr. Lim talks about the difference between a unary and binary
operation.
End of Day Discussion
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Day 3
Real
Time
9:10
9:39

Dr. Duval begins Obstacle Course (Mountain)
Dr. Freudenthal talks about re-initialization.

9:41

Dr. Freudenthal asks for other solutions to the program

9:43

Dr. Duval discusses the mountain obstacle.

9:49

Dr. Lim asks about a connection to geometry. (Similar Triangles)
Dr. Duval starts the "Jump" obstacles and asks the teachers to also
think about what they would do differently with the obstacles.
Teachers work on "jump"obstacle and present what they would do
differently.
Dr. Duval discusses the Jump obstacle
Dr. Duval starts the "MRN" obstacles.
Teachers starting solving the MRN obstacle.
Dr. Duval discusses the solutions.
Dr. Lim begins the lesson that introduces the variable "S". They will
have to create a line perpendicular to the one shown.
Dr. Lim asks what they changed to the program.
Dr. Lim asks the teachers to come up with explanations to what to
change
to make a perpendicular line.
Teachers are working in groups and then present their difficulties
Groups share their difficulties
Cat talks about Algebra I standards
Sharie gets the teachers to group with people from their school
so they can write a curriculum.
Each group presents their curriculum plan.
Dr. Lim asks for input about the "tension" between math and
computing
Cat goes over the thumb drive materials
Sharie asks what support/resources and "what else you would like?
Dr. Lim asks for feedback on the pros and cons of the PDP.

9:56
9:58
10:10
10:32
10:33
10:43
10:51
10:56
11:06
11:18
11:23
1:30
1:41
2:14
2:32
2:52
2:54
3:06

Description
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Appendix B: Collected Written Assignments
B1. Pre-assessment on Variables
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B2. Post-Assessment on Variables
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B3. Asking Juliet Worksheet
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51

52

53

54

55

B4. Obstacle Course – Mountain

56

B5. Obstacle Course – Jump
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B6. Obstacle Course – Mr. N
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B7. Create a Perpendicular Line

59

Appendix C: Instruments Used in the Project
C1. Pre-Post Assessment
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61

62

63

C2. Attitudes toward computing survey
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C3. Anonymous Online Survey
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